To find a new trypsin-like enzyme, a simple assay method of the hydrolysis activity for trypsin has been found. We used 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) in the peptide labeling as a substrate for the trypsin-like peptidase in this study. The peptidase activity of trypsin was detected by using an AQC-chymotryptic peptide (AHP1) obtained from bovine hemoglobin. This showed that the substrate specificity of trypsin-like peptidase was distinguishable from that of the others by this procedure, and the method was used extensively in cases of various trypsin inhibitors with no significant interference from the concomitant.
Trypsin is a serine protease secreted as trypsinogen from acinous cells of the pancreas to the duodenum. Trypsin had a substrate specificity that cleaves the peptide bond of the carboxyl side of a Lys or Arg residue. It is necessary to research an alternative enzyme to trypsin for several reasons: such as a short supply of the pancreas, the infection with prion desease, and religious restrictions. Therefore, a new trypsin-like enzyme from other sources having the trypsin action has been required in the food industry. However, none of the trypsin-like protease from microbial sources has been used in the food industry. No commercial proteases, such as subtilisins, are suitable for applications that require a high specificity.
To find a new trypsin-like enzyme from other sources, a simple assay method of the hydrolysis activity for trypsin has required. Chromogenic substrates, such as peptidyl-pNAs or peptidyl-MCAs are cleaved with an amidase that is not trypsin, and those substrates are inappropriate to assay the hydrolytic activities of sample solutions having a deep color. A desirable substrate must have flexibility to assay for every sample.
FITC had already been used in a peptidase activity assay, 1, 2) and some proteins were used as fluorogenic substrates except in a procedure of Anjure et al., 3) but no information on substrate specificity had been obtained by those procedures. We think that the peptidase activity is followed by the retention in position on a TLC sheet as a fluorescent spot derived from FITC-peptide 4) or AQC-angiotensin I. 5) In this study, we designed a fluorogenic peptide as a substrate to identify a trypsinlike peptidase having its substrate specificity, and chose a hemoglobin digestive peptide as the best substrate for this purpose. This peptide is frequently used to identify the specificity of trypsin, because it is available in a high degree of purity, fairly stable, and has only one cleavage position by trypsin. A TLC method showed it was an extremely sensitive technique for the detection of picogram amounts of the peptidase.
An amine derivatization reagent, AQC, reacts with amines to form stable derivatives. [5] [6] [7] [8] [9] [10] This reaction procedure is simple and rapid, and has an excellent derivative yield. 6) We have already found that AQCpeptide was more stable than FITC-peptide in an acidic y To whom correspondence should be addressed. Fax: +81-99-285-8141; E-mail: uchik@sci.kagoshima-u.ac.jp Abbreviations: AHP1, 6-aminoquinolyl carbamate-hemoglobin -chain peptide (no. condition, and then we used AQC in the peptide labeling as a substrate for the trypsin-like peptidase in this study.
Bovine hemoglobin (1%, Wako Pure Chemicals, Osaka, Japan, Lot No. WTH8076) was dissolved in 0.2 M Tris-HCl buffer (pH 8.0). The solution was boiled to denature the protein for 5 min, and was homogenized by Teflon homogenizer. -Chymotrypsin (E:S = 1:100 w/w; Worthington Biochemicals, Freefold, NJ, Lot. No. CD8GA) was added to the above suspension. The reaction mixture was incubated at 37 C for 24 hr and was boiled to stop the reaction for 5 min. The resultant suspension was centrifuged for 5 min at 3,000 Â g. The supernatant was put through gel filtration on a Bio-gel P-4 equilibrated with 0.1 M HCOOH. The peptide fractions less than Mr 3,000 were collected and lyophilized. The peptide mixture was dissolved in 0.1% trifluoroacetic acid (TFA)/H 2 O, and the solution was placed on a reversed phase HPLC on an Aquapore RP-300 column (4:6 Â 100 mm, Applied Biosystems, San Jose, CA, USA) with a linear gradient from 0.1% trifluoroacetic acid (TFA)/H 2 O to 85% acetonitrile containing 0.1% TFA/H 2 O in an 150A HPLC system (Applied Biosystems, Foster City, CA, USA) and monitored at 220 nm. A part of purified peptides were hydrolyzed in 6 M HCl containing 0.1% phenol at 110 C for 24 hr. The samples were derivatized with phenylisothiocyanate using a PicoÁtag work station (Waters, Milford, MA). Phenylthiocarbamyl derivatives of amino acid were analyzed on a Picotag HPLC system. From the amino acid compositions of resulting peptides, it was possible to locate each peptide in the primary structure of bovine hemoglobin. Among those hemoglobin digestive peptides, a peptide, hemoglobin -chain peptide (SAADKGNVKAAW; termed HP1) was used for this study.
An AccQFluor reagent kit, which was obtained from Millipore (Freehold, NJ, Lot. No. 701034), was used for the preparation of the AQC-hemoglobin peptide (AHP1). The reaction procedure was done by the method previously reported by Uchikoba et al.
5)
Cleavage of AHP1 by a proteolytic enzyme was done with the following method: The purified AHP1 (0.1 mg, 73 nmol) was dissolved in 200 l of buffer A, 50 mM sodium-BES buffer containing 1 mM CaCl 2 , pH 7.5, and then filtered with a Millex-GP filter unit (0.22 m, Millipore). A portion of the substrate stock solution (5 l) was mixed with 1 l of trypsin-TPCK-treated solution in the same buffer. The mixture was incubated for 1-60 min at 25 C. The reaction was stopped by addition of 10% (v/v) formic acid (1 l). The control assay was done with a mixture of AHP1 (5 l) and buffer A (1 l) under the same conditions as above. A portion of the reaction mixture (1 l) was spotted at the sides of 5 mm position of a Silica gel 60 TLC aluminium sheet (6 cm square). The sheet was chromatographed with the upper layer of n-butanol:HCOOH:H 2 O = 7:1:5 (v/v/v) in a glass chamber. After for 5 min, the sheet was dried at 25 C and the fluorescence was observed under a UV light (320-380 nm). The spots detected on the TLC sheet were extracted with 1 M acetic acid and were lyophilized, and amino acids analysis and N-terminal sequencing were done. Trypsin (7.5 pmol, 20 l) was mixed with the extract solution (10 l) of a seed of Trichosanthes anguina L., and then, after an incubation at 25 C for 60 min, then AHP1 stock solution (5 l) was added to the mixture. After the incubation at 25 C for 20 min, the mixture was applied to a TLC with the conditions described above.
The AHP1 (Fig. 1A) showed blue fluorescence on a TLC sheet by the irradiation of UV light. There was a new fluorescence spot on the TLC sheet from the AHP1 with trypsin (85 pmol) digestion at 25 C for 20 min (Fig.  1B) . The retention position of trypsin digest spot of AHP1 (Rf:0.1) on the TLC sheet was lower than that of original AHP1 spot (Rf:0.3). The fluorescence strength of the new spot increased and the original AHP1 spot decreased with the augmentation of the digestion period (data not shown). The fluorescence strength of these spots on the sheet was not changed at 4
C for 1 year. The homologous amino acid compositions were obtained between HP1 and the AHP1 that were purified on a TLC sheet. No amino acid residue was identified from the AHP1 by the N-terminal sequencing. The processing position of AHP1 with trypsin was identified as following: The N-terminal sequence of the AHP1 digest by trypsin at 37 C for 5 min was Ala-Ala-Trp, which the other amino acid residue was not identified. The sequence of the former coincided with that of the hydrolysis of trypsin with HP1. It was proved that AHP1 was hydrolyzed at the bond of Lys9-Ala10 of AHP1, but the bond of Lys5-Gly6 was not cleaved with trypsin. It was thought that the bond of Lys9-Ala10 was preferable to Lys5-Gly6 for trypsin, because it may present repulsion by a negative charge of Asp4, which is the site of P2 position. The "-amino group of Lys9 did not react with AQC, therefore the Lys9-Ala10 bond was only a cleavage position of AHP1 by trypsin. As the bond of Lys5-Gly6 was not cleaved with trypsin, the new fluorescence spot (Rf:0.1) on the TLC sheet from the AHP1 with trypsin may be -AQC-SAADKGNVK or -AQC-SAADK("-AQC)GNVK.
The enzyme activity of trypsin (45 fmol) could be detected by the reaction at 25 C for 60 min, and then 7.5 pmol of trypsin was detected after a short period (for 1 min) digestion at 25 C. In addition to the present assay, it is desirable that apply the quantitative analysis of enzyme amount and enzyme units.
No shift was detected to the retention position of the AHP1 digest spot on the TLC sheet by chymotrypsin (85 pmol) or cucumisin [EC 3.4.21 .25] (85 pmol; Cucumisin was purified by the method previously reported by Uchikoba et al. 11) in the same condition as trypsin, described above (Fig. 1B) . It was proved that AHP1 was not cleaved by chymotrypsin or cucumisin under these conditions. We can make a distinction of substrate specificity between the retention position of the AHP1 digest spot on the TLC sheet by trypsin and other type peptidases such as chymotrypsin (or cucumisin).
Unknown peptidase activities in a small amount (1 mg) of pollen extract of Lycoris radiata (L'Herit.) Herb. was detected at 25 C for 40 min (Fig. 1C) . A trypsin-like peptidase activity was found in the pollen. The spot of tryptic digest of AHP1 paled slightly upon addition with the extract from a seed of Trichosanthes anguina L. (Fig. 1D) . It is thought that the trypsin inhibitor activity of the extract from a seed of Trichosanthes anguina L. was found on a TLC sheet.
This showed that the substrate specificity of trypsinlike peptidase was distinguishable from that of the others by this procedure, and the method was used extensively in cases of various trypsin inhibitors with no significant interference from the concomitant.
A small amount of trypsin-like peptidase activity could be detected by using a reactive amine derivatizing reagent, AQC, which had been used to produce the fluorogenic derivative. The substrate produced, 6-aminoquinolyl-carbamyl-peptide was stable, and it gave a clear spot on a silica gel plate upon application of UV light.
The trypsin-like peptidase could be detected from the coloring solution by AHP-1. It was thought that this method was useful for a primary screening test for trypsin-like peptidase from crude organic samples.
